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[57] ABSTRACT 

An insulated gate ?eld effect transistor adapted for use 
at high frequencies, with usable gain within a broad 
range of frequencies, includes a plurality of dual gate 
MOS transistor unit structures, each with good charac 
teristics for high frequency operation, interconnected 
in parallel on a single semiconductor body. The parallel 
combination provides a relatively high ratio of trans 
conductance to output load capacitance and the gain 
bandwidth product of the device is therefore relatively 
high. The unit structures are formed in a substrate re 
gion including a ground plane. The means for intercon 
necting the unit structures in parallel includes a dif 
fused region for connecting one gate electrode of each 
unit to the corresponding gate electrode of the others. 
This diffused region lies close to each unit structure to 
provide a local capacitive high frequency by-pass to 
ground. Low capacitance beam leads for connecting 
the device to external circuitry further reduce output 
loading capacitances. 

10 Claims, 5 Drawing Figures 
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HIGH FREQUENCY INSULATED GATE FIELD 
EFFECT TRANSISTOR FOR WIDE FREQUENCY 

BAND OPERATION I 

This invention was made under a contract with the 
Department of the Armyand/or a contract with the De 
partment Of the Air Force. 

BACKGROUND ‘OF THE INVENTION 
This invention relates to insulated gate ?eld effect 

transistors adapted for operation at high (e.g., UHF) 
frequencies. _ 

Insulated gate ?eld effect transistor structures, nota 
bly MOS dual gate devices, are capable of operation 
with relatively good gain performance at frequencies as 
high as two gigahertz. Devices are known which have 
exhibited power gains of about 18 to 20 dB with noise 
figures from 3 to 3.5 dB at l gigahertz. The gain 
bandwidth product characterizing these prior devices is 
such, however, that when they are operated at usefully 
high gain levels, the bandwidth has been narrow, i.e., 
less than about 30 megahertz. The devices referred to 
here have been described in theMonthly Contract Re 
ports submitted under the Army Contract referred to 
above, which was with the Army Electronics Command 
at Ft. Monmouth, N.J., Contract DAA B07-6 
8~C-0252. The broad concepts of minimizing parasitic 
loading capacitance and paralleling small optimized de 
vices to improve bandwidth are expressed in some of 
these reports. See for example the second Monthly Re 
port ECOM-0252-2, Feb., 1969, at page 2 and the 
final report ECOM—O252—F, October, l97l. How these 
broad concepts may be effectively put into practice is 
not disclosed, however. 
Other structures for ?eld effect transistors'useful at 

high frequencies are known. See, for example, Carlson 
et al., U.S. Pat. No. 3,315,096; Olmstead et al., U.S. 
Pat. No. 3,427,5l4; and Van lersel, U.S. Pat. NO. 
3,482,152. Each of these structures has some feature or 
features optimized to obtain good high frequency per 
formance. For example, in Carlson et al, the transistor 
is built in an epitaxial layer on a high conductivity sub 
strate, in order to reduce the draip-tO-source loading 
resistance. In Olmstead et al., dual ‘gate devices are de 
scribed which exhibit low drain~diode capacitance. In 
Van lersel, a shielding layer is provided under a drain 
bonding pad to reduce the effect of drain capacitances. 

THE DRAWINGS 

FIG. 1 is a plan view of one embodiment of the pres 
ent novel device. 
FIG. 2 is an enlarged view of a portion of the struc 

ture shown in FIG. 1 showing the details of one dual 
gate unit structure thereof. 
FIG. 3 is a cross section taken on the line 3~3 of 

FIG. 2. 
FIG. 4 is a cross section taken on the line 4--4 of 

FIG. 2. 
FIG. 5 is a cross section taken on the line 5--5 of 

FIG. 2. 

THE PREFERRED EMBODIMENT 

An insulated gate ?eld effect transistor 10 which is 
made up of a plurality of dual gate MOS unit structures 
12 is shown in FIG. 1. As will be described further be 
low, each of the unit structures 12 has features which 
enable it to operate, as an ampli?er for example, at rel 
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2 
atively high maximum frequency. The bandwidth over 
which one of these unit structures will operate with use~ 
ful gain is relatively limited, however. 
A known ?gure of merit for an amplifying device, ap 

plicable to vacuum tubes, bipolar transistors, and insu 
lated gate ?eld effect transistors, is gain-bandwidth 
product which is directly proportional to the transcon 
ductance of the device and inversely proportional to 
the output loading capacitance. A good derivation of 
this relationship appears in Corcoran and Price, “Elec 
tronics,” John Wiley and Sons, New York, 1954, at 
pages 292 to 294. In the prior structures described in 
the Government Contract Reports identi?ed above, 
two unit structures were paralleled to achieve relatively 
high transconductance without a proportionate in 
crease in capacitance. However, only two unit struc 
tures were used because the complexity of each unit 
structure produced a problem in connecting the four 
terminals thereof in parallel on one semiconductor 
chip. 

In the present novel device, a plurality of unit struc 
tures which may be more than two may be paralleled 
in such a manner as to increase the overall transcon 
ductance of the device substantially without propor 
tionally increasing the output capacitance, thereby in 
creasing the gain-bandwidth product. When operated 
at the same gain levels as were the prior devices, the 
present device, therefore, exhibits a bandwidth which 
is higher by an amount substantially proportional to the 
increase in transconductance. As shown in FIG. I, 
there are eight of the unit structures 12 although there 
may be more or less of these structures depending on 
the transconductance of each unit structure 12 and the 
overall transconductance which is desired for the de 
vice 10. 
The device 10 includes a substrate 14 of semiconduc 

tive material, usually silicon, which is made up of a 
body 16 of one type conductivity, P+ type in this exam 
ple, which has a relatively high degree of conductivity. 
The body 14 further includes an epitaxial layer 18 dis 
posed on the body 16. The epitaxial layer has the same 
type conductivity but a lower degree of conductivity 
than the body 16. The size of the body 14 is not critical 
and will be determined largely by the numer of unit 
structures 12 which is chosen. In one example of the 
present device incorporating eight unit structures as 
shown, the body 14 may be about 20 mils by about 26 
mils in area. The doping concentrations in the body 16 
and the epitaxial layer 18 and the thicknesses of these 
elements are also not critical and are matters within the 
skill of the art. The body 16 may have a resistivity, for 
example, between 0.01 and 0.05 ohm cm. and the epi 
taxial layer 18 may have a resistivity of about 10 ohm 
cms. The thickness of the body 16 may be about 2 mils 
and the thickness of the epitaxial layer may be about 
0.3 mil, for example. 
A coating of insulating material 20 is disposed on the 

epitaxial layer 18 and serves to protect the various PN 
junctions of the device, as well as to provide an insu 
lated‘ support for deposited metallic leads in the man~ 

, ner known in the semiconductor art. The insulating 

65 

layer 20 has openings 22 at predetermined locations 
therein to enable contact to be made to the material of 

the epitaxial layer 18. Each unit structure 12 has a structure which is sub 

stantially equivalent to the semi-closed structure shown 
in FIG. 3 of Olmstead et al., identi?ed above. The to 
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pography of the elements in the present device is differ 
ent and is such as to provide a relatively large channel 
width, for relatively high transconductance, while not 
making the drain diode area unduly large. A typical 
unit structure is shown in detail in FIG. 2 in plan view 
and in FIGS. 3, 4, and 5 in cross section. Each unit 
structure includes a source region 24 of N type conduc 
tivity, a source contact region 25 of N+ type conductiv— 
ity, a drain region 26 of N type conductivity and a drain 
contact region 27 of N+ type conductivity, all formed 
by diffusion of conductivity modi?ers in known manner 
into the epitaxial layer 18. The structure 12 also in 
cludes an intermediate source-drain region 28 which 
divides the space between the source and drain regions 
24 and 26 into a ?rst channel region 30 and a second 
channel region 31. A ?rst insulated gate 32, which may 
be a deposited conductor, overlies the ?rst channel re 
gion 30 and is insulated therefrom by means of a rela 
tively thin insulator 33. Similarly, a second insulated 
gate 34 overlies the second channel region 31 and is in 
sulated therefrom by a thin insulator 35. These ele 
ments of the unit structure may be made by the process 
described in Dawson et al., US Pat. No. 3,455,020. 
The device 10 includes means for interconnecting 

the unit structures 12 in parallel so that the transcon 
ductances of the unit structures are, in effect, added. 
The several source contact regions 25 are connected to 
the body 16 by elements shown in FIGS. 3 and 5. In 
particular, there is adjacent to each source region 25 a 
P+ type diffused region 36 which extends entirely 
through the epitaxial layer 18 into contact with the 
body 16. Metal layers 38 (FIGS. 1, 2 and 5) are dis 
posed on the surface of the epitaxial layer in shorting 
relationship to the source contact regions 25 and the 
P+ type region 36 so that the source contact regions 25 
are effectively connected to the body 16. A metal layer 
on the back surface of the body 16 provides for con 
necting the several sources to external circuitry. 
The several first gates 32 of the unit structures 12 are 

interconnected by deposited conductors 42 disposed 
on the insulating coating 20. The conductors 42 extend 
from each ?rst gate 32 to a location near the periphery 
of the substrate 14 where a novel beam lead 44, de 
scribed more particularly below, connects the conduc 
tors 42 to each other and is adapted to connect them 
to external circuitry. 
The several drain contact regions 27 are intercon 

nected by deposited metal conductors 45, similarly dis 
posed on the insulating coating 20 and extending to lo 
cations adjacent to the periphery of the substrate 14. A 
beam lead 46 similar to the beam lead 44 is connected 
to the conductors 45. 
The second gates 34 of the unit structures 12 are in 

terconnected by a diffused region 48 within the epitax 
ial layer 18 and de?ning a PN junction 50 (FIGS. 3 and 
4) therewith. As shown in FIG. 4, the second gates each 
have a terminal portion 51 which extends through an 
opening 22 in the insulating coating 20 to contact an 
elongated portion 52 (FIG. 1) of the diffused region 48. 
As shown in FIG. 1, the unit structures 12 are dis 

posed in two groups of four and in each group the unit 
structures are symetrically disposed on either side of 
and are closely adjacent to the elongated portion 52 of 
the diffused region 48. Also as shown in FIG. 1, the 
drain connecting conductor 45 is elongated in the same 
direction as the portion 52 of the diffused region 48 
and overlies this portion. The drain connecting conduc 
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4 
tor also has transversely extending portions 53 which 
contact the several drain contact regions 27 through 
openings 22 in the insulating coating 20, as best seen 
in FIG. 3. Almost all of the area of the drain connecting 
conductors 45 overlies the diffused region 48. The dif 
fused region 48 also extends to a location near the pe 
riphery of the substrate 14 where it is contacted by a 
beam lead 54. 
The interconnection of the respective second gates 

34 by means of the diffused region 48 simpli?es the 
otherwise complicated problem of interconnecting the 
unit structures 12. The diffused region 48 also serves to 
provide a capacitance in series between the overlying 
drain connecting conductors 45 and the material of the 
epitaxial layer 18 so as to shield the drain connecting 
conductors 45 in a manner similar to the shielding re 
gion in the Van Iersel patent identi?ed above. For this 
purpose, the PN junction 50 should have as large an 
area as possible. The region 48 and the PN junction 50 
also provide a capacitive shunt to ground for high fre 
quency signals which are coupled to the second gates 
34. Because of the proximity of the region 48 to each 
unit structure 12, the resistance along the region 48 
does not adversely affect the high frequency perfor 
mance of the device. 
The beam leads 44 and 46 are made by conventional 

processes but have a novel con?guration, as illustrated 
in FIG. 1. The beam lead 44, for example, has portions 
56 thereof which engage the ?rst gate connecting con 
ductors 42 and which are cantilevered off the edge of 
the substrate 14. 
The cantilevered portions 56 are interconnected by 

joining portions 58, which are spaced from the edge of 
the substrate 14 as shown. A tab 60 provides for con 
nection of the beam leads 44 to an external conductor 
such as a strip-line. The beam lead 46 is similarly con 
structed. It includes cantilevered portions 62 which are 
joined by portions 64 spaced from the edge of the sub 
strate 14. The beam lead 46 also has a connecting tab 
66. In both the beam leads 44 and 46 the spacing of the 
joining portions from the edge of the substrate provides 
for a relatively low capacitance between these beam 
leads and the substrate 14. 
The device 10 may be operated in the same circuits 

in which the prior devices described in the above 
identi?ed Government Contract Reports were used. In 
general, the device may be used as an ampli?er in the 
common source mode in which the conductor 40 is 
connected to ground. The beam lead 54 is then con 
nected to a DC source so as to provide a DC bias poten 
tial to the respective second gates 34. The beam lead 
44 is the input lead of the device and this lead is con 
nected to the high frequency signal to be ampli?ed. A 
working voltage is applied to the beam lead 46 and the 
output also is taken from this beam lead. 
Assuming that the unit structures 12 in the present 

novel device are identical to the unit structures of the 
devices described in the Government Contract Re~ 
ports, the device 10 will exhibit a transconductance 
which is about four times that of the prior structure. 
The drain diode capacitance of the device 10 will like 
wise be about four times greater than the prior device 
but the capacitance due to the interconnection conduc 
tors 45 and the beam lead 46 will not be substantially 
greater than the capacitance due to the similar ele 
ments, i.e., the conductors connecting the drains to ex 
ternal circuitry, in the prior device. Consequently, in 
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the present device the ratio of transconductance to out 
put loading capacitance will be substantially greater 
than in the prior device. As such, the present device 
will exhibit a larger gain-bandwidth product thus adapt 
ing it for operation at similar gain levels across a wider 
frequency band. 
What is claimed is: 
1. An insulated gate ?eld effect transistor adapted for 

operation at high frequencies comprising 
a substrate of semiconductive material of one type 

conductivity, 
means in and on said substrate for de?ning a plurality 
of dual insulated gate ?eld effect transistor unit 
structures, each unit structure comprising a source 
region, a ?rst channel region, an intermediate 
source-drain region, a second channel region, a 
drain region, a ?rst insulated gate adjacent to said 
?rst channel region, and a second insulated gate 
adjacent to said second channel region, and 

means interconnecting the respective source regions, 
drain regions and ?rst and second gates of said unit 
structures in parallel, said means including at least 
one diffused conductor region of conductivity type 
opposite to that of said substrate, in said substrate 
and de?ning a PN junction therewith, said diffused 
conductor region extending from a location near 
the periphery of said substrate to points closely ad 
jacent to each unit structure, the second gates of 
each unit structure being connected to said dif 
fused conductor region. 

2. An insulated gate ?eld effect transistor as de?ned 
in claim 1 wherein 

said substrate comprises a body of semiconductive 
material of said one type conductivity but of rela 
tively high degree of conductivity and an epitaxial 
layer of said one type conductivity but of relatively 
lower degree of conductivity on said body, said PN 
junction being within said layer, said epitaxial layer 
having a coating of insulating material thereon, 
said coating having openings at predetermined lo 
cations therein to enable contact to be made to said 
epitaxial layer, 

and wherein said interconnecting means further in 
cludes 

conductive means connecting each source region to 
said body of semiconductive material, 

at least one deposited conductor on said insulating 
coating interconnecting the ?rst gates of each unit 
structure and extending to a location at the periph 
ery of said substrate, and 

at least one other deposited conductor on said insu 
lating coating extending through openings therein 
to interconnect said drain regions and also extend 
ing to a location at the periphery of said substrate. 

3. An insulated gate ?eld effect transistor as de?ned 
in claim 2 wherein said conductive means connecting 
the sources to the body comprises 
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6 
a diffused region of said one type conductivity adja 
cent to each unit structure and extending through 
said epitaxial layer to said body, and 

means ohmically connecting each source region to 
said diffused’ region. 

4. An insulated gate ?eld effect transistor as de?ned 
in claim 2 wherein substantially all of said drain con 
necting conductor overlies said diffused conductor re 
gion. ' 

5. An insulated gate ?eld effect transistor as de?ned 
in claim 4 wherein said PN junction de?ned by said dif 
fused conductor region has a predetermined area 
whereby it exhibits a predetermined range of capaci 
tances determined by the voltages applied to said sec 
ond gates when said transistor is operated in a circuit. 

6. An insulated gate ?eld effect transistor as de?ned 
in claim 2 wherein at least a portion of said diffused 
conductor region has the con?guration of an elongated 
strip, the unit structures adjacent to said strip lying 
symetrically on opposite sides thereof. 

7. An insulated gate ?eld effect transistor as de?ned 
in claim 6 wherein said drain connecting conductor has 
an elongated portion extending in generally parallel re 
lation to and lying centrally over said portion of said 
diffused conductor region, said drain connecting con 
ductor further having portions extending normally to 
said elongated portion thereof to terminations in con 
tact with said drain regions. 

8. An insulated gate ?eld effect transistor as de?ned 
in claim 1 further comprising 
an electrode connected to said body for coupling said 
source regions to external circuitry, and 

cantilevered beam leads at the periphery of said sub 
strate, one connected to each of said ?rst gate con 
necting and drain connecting conductors and said 
diffused conductor region for connecting said first 
gates, said drains, and said second gates, respec 
tively, to external circuitry. 

99. An insulated gate ?eld effect transistor as de?ned 
in claim 8 wherein there are a plurality of said ?rst gate 
connecting conductors each terminating at the periph 
ery of said substrate, the beam lead connected thereto 
having a plurality of cantilevered portions, one portion 
contacting each of said plurality of ?rst gate connecting 
conductors, and having a joining portion interconnect 
ing said cantilevered portions, said joining portion 
being spaced away from the periphery of said substrate. 

10. An insulated gate ?eld effect transistor as de?ned 
in claim 9 wherein there are a plurality of said drain 
connecting conductors each terminating at the periph 
ery of said substrate, the beam lead connected thereto 
having a plurality of cantilevered portions, one portion 
contacting each of said plurality of drain connecting 
conductors, and having a joining portion interconnect 
ing said cantilevered portions, said joining portion 
being spaced away from the periphery of said substrate. 

* 10! # it ‘I 


